In this paper, by applying the Leray-Schauder degree theorem, some new results on existence and uniqueness of anti-periodic solutions for a class of second order differential equations are obtained.
Introduction
Recently, anti-periodic problems have been extensively studied by many authors. For example, anti-periodic problems of Rayleigh-type equation have been discussed in [1, 5, 9] , existence of solution for anti-periodic boundary conditions have been studied in [4, 8] , and anti-periodic problems of neural networks have already been considered in [2, 3, 7] .
Motivated by the above works, in this paper, we consider the following second order differential equations:
(p(t)x ) + f (t, x) = 0 (1) or an equivalent system:
where p(t) ∈ C 1 (R) is a given
We will establish some new sufficient conditions for the existence and uniqueness of anti-periodic solutions of Eq.(1) by Leray-Schauder degree theorem. Our results are different from those of reference [6] . In particular, an example is also given to illustrate the effectiveness of our results. Then equationf = p has at least one solution in Ω.
Preliminary Notes
Throughout this paper, we always adopt the following notations:
which is a linear normal space endowed with the norm · defined by
T . Lemma 2.2 Suppose that the following condition holds:
Proof Since system (2) is equivalent to Eq.(1). Then, to prove Lemma 2.2, it suffices to show that system (2) has at most one T -periodic solution. Assume that (x 1 (t), y 1 (t)) T and (
Now, we prove that
If (4) is false, in view of
Then, there must exist t * ∈ R(for convenience, we can choose t
which implies that
Since
and
which contradicts the second inequality of (5). Hence, (4) is true, that is
By using a similar argument, we can also show that
Therefore, we obtain
This implies that system (2) has at most one T -periodic solution. This completes the proof. 
Main Results
xf (t, x) < 0, ∀ t ∈ R, |x| ≥ d * . (H2) There exist constants M 1 , M 2 , M 3 , M 4 , such that 0 < M 1 ≤ p(t) ≤ M 2 , M 3 ≤ p (t) ≤ M 4 and max{|M 3 |, |M 4 |} M 1 < 2 T .
Then Eq.(1) has unique one
Proof Consider the auxiliary equation of Eq.(1) as following:
Combining (H1) and Lemma 2.2, it is easy to see that Eq.(1) has at most one T be an arbitrary anti-periodic solution of Eq.(7). Then
Then, there exists a constant ξ ∈ [0, T ], such that
Hence, we have
Combining the above two inequalities and using Schwarz inequality, we have
Multiplying Eq. (7) by −x(t) and integrating it from 0 to T , from (H2), (H3) and Schwarz inequality, we get
implies that there exists a positive constant
Set
Eq. (7), we can choose a positive constant D 2 such that
where
then we know that Eq.
(1) has no T , we have
Define a operator L :
In view of we obtain
|(Lx)(t)| ≤ T x +
Thus, (Lx)(t) ≤ 5 4 T x , and operator L is continuous.
Define −f (t, x(t)) − p (t)x (t) p(t) = g(t, x(t), x (t)) and for any x(t) ∈ C 1, T , we have g(t + T 2 , x(t + T 2 ), x (t + T 2 )) = −g(t, x(t), x (t)).
